
 

 

Introduction 

 
Composites have many advantages as aircraft structural materials and for this reason their 
use is becoming increasingly widespread. Fragility of composite material to impact loading 
limits their application in aircraft structures. In particular, low velocity impacts can cause a 
significant amount of delamination, even though the only external indication of damage may 
be a very small surface indentation. This type of damage is often referred to as barely visible 
impact damage (BVID), and it can cause significant degradation of structural properties. 
 

  
 

As can be seen in the images above, the carbon fiber panel seems free of damage, however 
an ultrasonic c-scan of the component reveals a large area of serious structural damage. 
 
Quantification of materials is carried out by manufacturing simple sheets of material and using 
drop-weight impacting to generate various controlled impact scenarios, ultrasonic c-scans are 
then carried out to assess the internal structural damage caused by each of the impact 
scenarios. 
 

A Guide to Double Through Transmission Inspection

James Boaden, Midas NDT Systems, 

Stoney Hill Ind. Est. Whitchurch Ross-on-Wye HR9 6BX England
Tel: +44 (0)1600 891357 Fax: +44 (0)1600 891263
E-mail: sales@midas-ndt.co.uk Website: www.midas-ndt.co.uk

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rti

cl
e:

ht
tp

s:
//w

w
w

.n
dt

.n
et

/?
id

=8
54

6



Equipment 

 
Inspections are carried out using an ultrasonic immersion system (tank), a single crystal 
longitudinal ultrasonic transducer, a pulse-echo ultrasonic instrumentation package and 
computerised c-scan recording equipment. 
 

 
 
Please note; although the technique is described as double through-transmission, this is a 
reference to the signal passing through the component twice and the instrumentation is in fact 
used in pulse-echo mode of operation. 
 
A levelling table is placed on the base of the immersion system with a glass reflector plate 
placed on top of it, the table is carefully levelled to ensure that the distance between the glass 
plate and the transducer is constant at all times 
 

 
 

 
The component is then mounted on spacers above the glass plate, the spacers allowing 
sufficient distance (approximately 20mm) to differentiate between ultrasonic echoes. 
 



Ultrasonic Transducer 
 
Although some specifications require the use of a focussed transducer, the author feels that 
sufficiently accurate results can be achieved using a collimated unfocussed transducer. 
 

A collimator is a simple device for limiting the 
effect of beam spread and will give much greater 
resolution to immersion scans carried out using 
unfocused transducers. 

 

  
 
The image on the left shows a c-scan carried out using a standard 5MHz transducer, the 
image on the right shows the identical c-scan carried out with the addition of a 6mm 
collimator. Control of the beam spread by the collimator gives much greater resolution to the 
inspection results. 
 

Ultrasonic Settings 
 

The transducer, with the 
collimator fitted, should be 
placed over the glass plate at a 
distance of approximately 
100mm and normalised to 
achieve maximum signal level, 
the ultrasonic gate should then 
be located over the glass 
reflector echo. 

 



 

The transducer should now be 
moved over the component to 
see that the signal from the 
reflector plate is still within the 
gate. As can be seen in the 
illustration there are now 
echoes from the component as 
well as the glass plate reflector, 
care should be taken to position 
the gate as the glass reflector 
signal will move slightly due to 
the difference in speed of 
sound between the component 
and water. 
 
Due to the presence of repeat echoes from the component it is sometimes difficult to identify 
the glass reflector, when in doubt insert a plastic rule between the component and the glass 
plate, this will blank out all echoes except those initial echoes from the component and when 
the rule is removed the first echo that appears will be the glass reflector echo. 
 

Analysis of Results 

 

 

The automated c-scan will record data at 
set intervals, it is normally set to acquire a 
reading at 1mm intervals along the 
component surface (the scan line) and 
create a new line of data every 1mm (the 
index distance or step), at each point the 
system records the amplitude of the largest 
signal within the ultrasonic gate. 
 
As can be seen in the illustration the data is 
black where there is no component 
(maximum signal) and white where a 
defective area is present (minimum signal). 
User selected colours are applied to all data 
levels (decibels or %FSH). 

 



 

Every pixel within the data file represents the amplitude of the signal at that point and as can 
be seen in the illustrations below defective areas of a component allow far less sound 
through. 
 

 
 

 
 

Individual reading from good 
material with a signal loss of 
nine decibels. 

   

 
 

 
 

Individual reading from 
defective material with a 
signal loss of forty decibels. 

 

 

Sizing of defects is carried out in accordance 
with the requirements of individual projects, 
however the general rule for this is to 
measure any areas that have a signal size six 
decibels lower than that of good material. As 
can be seen in the illustration software can 
easily generate the average decibel value of 
good material. 

Areas with losses of more than 15.46dB 
(9.46 +6) can now be easily identified and 
software tools used to size them. As can be 
seen in the illustration the effect of this 
impact is a damage area of 2192mm2.  

 
 
This technique provides a reliable method to compare the effects of different types of impact. 


